Background
==========

Metabolic syndrome includes insulin resistance, abdominal obesity, hypertension, and hyperlipidemia, and is recognized to be a risk factor for cardiovascular disease \[[@b1-medscimonit-24-9385]\]. Osteoprotegerin (OPG) is a soluble member of the tumor necrosis factor (TNF) receptor superfamily \[[@b2-medscimonit-24-9385]\]. OPG has a role in the activation of nuclear factor kappa B (NF-κB) ligand (RANKL)-mediated osteoclastic bone resorption \[[@b3-medscimonit-24-9385]\].

In a large cohort study of postmenopausal women, Xue et al. did not show an association between increased serum levels of OPG and reduced bone density and an increased rate of bone fracture \[[@b4-medscimonit-24-9385]\]. However, these authors found that serum levels of OPG were significantly associated with increased mortality due to cardiovascular disease \[[@b4-medscimonit-24-9385]\]. Further studies have reported that increased serum levels of OPG were associated with coronary artery atherosclerosis, stroke, and increased mortality from cardiovascular disease \[[@b5-medscimonit-24-9385],[@b6-medscimonit-24-9385]\].

Serum levels of OPG have been shown to be significantly increased in patients who have diabetes, poor blood glucose control, and in obese non-diabetic subjects \[[@b7-medscimonit-24-9385],[@b8-medscimonit-24-9385]\]. However, there is limited published data on the relationship between serum OPG levels and metabolic syndrome. In a study that examined a cohort of patients with peripheral artery disease, serum concentrations of OPG were significantly increased in patients who were obese and who had metabolic syndrome \[[@b9-medscimonit-24-9385]\]. Levels of OPG and other biomarkers of vascular inflammation have been shown to be raised in patients with type 2 diabetes \[[@b10-medscimonit-24-9385]\]. Increased serum levels of OPG have been shown in obese postmenopausal Korean women who also had hypercholesterolemia \[[@b11-medscimonit-24-9385]\]. However, another study showed an inverse relationship between serum OPG levels and fasting blood glucose levels, fasting insulin levels, and the homeostatic model assessment (HOMA) index for assessing beta-cell function and insulin resistance \[[@b12-medscimonit-24-9385]\].

Adipocytokines are secreted by adipose tissue and regulate glucose homeostasis \[[@b13-medscimonit-24-9385]\], but the relationship with OPG has not previously been studied in middle-aged women. However, for middle-aged men, there has been shown to be no statistically significant difference in OPG values between men with or without metabolic syndrome \[[@b7-medscimonit-24-9385],[@b8-medscimonit-24-9385]\].

Chronic inflammation is associated with the metabolic changes that are related to excess caloric intake, obesity, metabolic syndrome, and decreased physical activity \[[@b14-medscimonit-24-9385],[@b15-medscimonit-24-9385]\]. Metabolic syndrome increases with increasing age and is most common in postmenopausal women. However, few studies have investigated the changes in serum OPG levels in women with metabolic syndrome in premenopausal, menopausal, and postmenopausal women.

Physical activity has been shown to be effective in the management and prevention of osteoporosis \[[@b16-medscimonit-24-9385]\]. Resistance exercise is reported to have a positive effect on bone density as it increases both muscle and bone mass \[[@b17-medscimonit-24-9385],[@b18-medscimonit-24-9385]\]. Resistance training also activates the immune system, as shown by increased levels of circulating inflammatory cytokine \[[@b19-medscimonit-24-9385],[@b20-medscimonit-24-9385]\]. Because women experience symptoms associated with the menopause and are at increased risk of cardiovascular disease and bone fracture, preventive measures in this group now include exercise.

The purpose of this study was to determine the effect of resistance exercise on serum OPG levels and insulin resistance in middle-aged women with metabolic syndrome.

Material and Methods
====================

Ethical approval and determination of study size
------------------------------------------------

This study was approved by the institutional review board (IRB) of Kangwon National University, Kangwon province, South Korea (KNUIRB-2017-03-005-002) and was conducted in accordance with the ethical standards of the declaration of Helsinki. All subjects were told about the purpose of the study and the study design, and all participants signed written informed consents.

To determine the sample size, the G\*Power version 3.19 statistical power analysis software program was used. The alpha level was 0.05. According to a prior pilot test, at least 12 participants were required in each of the two study groups.

Study participants
------------------

The study participants were middle-aged women who visited the Athletics Department, Kangwon University, South Korea to participate in a resistance exercise program. A total of 24 study participants were chosen as subjects of study and were divided into those with metabolic syndrome (n=12), and a normal control group without metabolic syndrome or insulin resistance (n=12) ([Figure 1](#f1-medscimonit-24-9385){ref-type="fig"}). Metabolic syndrome was defined according to the criteria used by the National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP III). A diagnosis of metabolic syndrome requires any combination of three or more of the following: a fasting blood glucose of at least 5.56 mmol/l; a blood pressure of at least 130/85 mmHg; triglyceride (TG) level of at least 150 mg/dl; a high-density lipoprotein cholesterol (HDL-C) level \<50 mg/dl \[[@b21-medscimonit-24-9385]\], and a waist circumference of at least 85 cm \[[@b22-medscimonit-24-9385]\]. The characteristics of the participants in the study are shown in [Table 1](#t1-medscimonit-24-9385){ref-type="table"}.

Morphometric and clinical measurements
--------------------------------------

Morphometric measurements included were height, weight, body mass index (BMI), and percentage of body fat. Height, weight, and percentage of body fat were measured using Inbody 720 (Biospace, Seoul, Korea). The body mass index (BMI) was calculated by dividing the body weight (kg) by the square of the height (m2). Waist circumference was measured at the midpoint between the lower part of the ribs and the iliac crest. Systolic blood pressure and diastolic blood pressure were measured with a mercury thermometer. Blood pressure measurements were performed in triplicate, separated by 5 min intervals, and the mean values were recorded for systolic and diastolic blood pressure.

Laboratory tests
----------------

Venous blood samples were taken from all study participants following a 12-hour overnight fast. The following tests were performed under the same conditions at the beginning of the study before the exercise program began and after eight weeks of resistance exercise. The serum was then stored separately at −80°C for other measurements. Laboratory investigations were performed according to standard diagnostic laboratory procedures and included measurement of white blood cell count (WBC), plasma TG, HDL-C, systolic blood pressure, diastolic blood pressure, glucose levels, and insulin levels. Serum osteoprotegerin (OPG) levels were measured from venous blood samples from all study participants, using a commercial enzyme immunoassay (Biomedica Gruppe, Vienna, Austria) with inter-assay and intra-assay variation being \<10%. Serum glucose levels were determined by the glucose oxidase color method (Diagnosticum Zrt, Hungary) while triglycerides and HDL cholesterol were measured by an enzymatic, colorimetric method (Diagnosticum Zrt, Budapest, Hungary). Insulin was measured using an enzyme-linked immunosorbent assay (ELISA) kit (DRG Instruments, GmbH, Marburg, Germany).

Insulin resistance was determined by the homeostasis model assessment of insulin resistance (HOMA) and defined as: fasting insulin (μlU/ml) × fasting glucose (mmol/l)/22.5 \[[@b23-medscimonit-24-9385]\]. Insulin sensitivity was determined using the quantitative insulin sensitivity check index (QUICKI) defined as 1/log fasting insulin (μlU/ml) + log fasting glucose (mmol/l) \[[@b24-medscimonit-24-9385]\]. A low QUICKI indicated low insulin sensitivity, and a high QUICKI indicated high insulin sensitivity.

Method of resistance exercises
------------------------------

All 24 study participants, including women with metabolic syndrome (n=12) and a normal control group without metabolic syndrome or insulin resistance (n=12), underwent an eight-week exercise program. An initial preparatory session was undertaken for each participant that included 15 repetitions of each exercise to determine 30% of the maximum intensity of that participant's resistance intensity. Then, the intensity of the resistance exercise was 60--70% of the repetition maximum, for 40 minutes with 10--12 repetitions, performed three times per week. The participants conducted a full body resistance training program, including seven different exercises: leg press; leg extension; leg curl; chest press; front pull-down; shoulder press; and abdominal crunch. One minute of rest time was given to the participants between each set and exercise. All sessions were supervised by experienced strength education professionals. The progression of resistance movements was 'personalized,' and untrained patients with metabolic syndrome specifically targeted in this study \[[@b25-medscimonit-24-9385]\]. After two weeks of adaptation, the one repetition maximum test was performed and there was a 10-minute rest interval between the exercises. Only study participant who wished to continue with the study were included.

Statistical analysis
--------------------

Statistical analysis was performed using SPSS version 23.0 for Windows (IBM, Chicago, Ill, USA). Data were presented as the mean ± standard division (SD). The Shapiro-Wilk test for normality was used to confirm the normal distribution of all outcome variables. A t-test, paired t-test, and independent t-test were used to compare the physical characteristics and laboratory findings of the two study groups before and after exercising. Statistical significance was represented by P-value \<0.05.

Results
=======

Twenty-four middle-aged women were divided into those with metabolic syndrome (n=12) and a normal control group without metabolic syndrome or insulin resistance (n=12). [Table 2](#t2-medscimonit-24-9385){ref-type="table"} shows the changes in serum osteoprotegerin (OPG) levels and insulin resistance after eight weeks of resistance exercise in the two groups.

Before the exercise program began, the metabolic syndrome group showed significant increases in waist circumference (t=2.324; P=0.030) and serum triglyceride (TG) (t=2.681; P=0.014) and a lower high-density lipoprotein-cholesterol (HDL-C) value (t=−2.835; P=0.010) compared with the control group. After the eight-week resistance exercise program, there was a difference between the change in waist circumference, the quantitative insulin-sensitivity check index (QUICKI), and serum levels of OPG between the two groups.

In the metabolic syndrome group, after eight weeks of resistance exercise, waist circumference was reduced, the QUICKI improved, TG levels, HDL-C, fasting blood glucose, insulin levels, and the homeostasis model assessment of insulin resistance (HOMA) index were significantly decreased. OPG levels were significantly increased in the metabolic syndrome group compared with the normal control group.

In the control group, after eight weeks of resistance exercise, TG levels, fasting blood glucose, insulin levels, and the HOMA index were significantly decreased, and the QUICKI and serum OPG levels were significantly increased.

Discussion
==========

Osteoprotegerin (OPG) is a glycoprotein that has been recently identified as an inhibitor of nuclear factor kappa B (NF-κB) ligand (RANKL)-mediated osteoclastic bone resorption \[[@b3-medscimonit-24-9385]\]. An increase in circulating levels of OPG has been shown to be associated with an increased risk of cardiovascular disease due to coronary artery atherosclerosis that leads to ischemic heart disease \[[@b26-medscimonit-24-9385]\] and is associated with an increase in cardiovascular mortality \[[@b7-medscimonit-24-9385]\]. Therefore, recent studies have shown that OPG is a metabolic biomarker for human disease.

There have been conflicting studies reporting both an increase and a decrease in serum levels of OPG following exercise in postmenopausal women. In 2012, Bergström et al. showed that serum OPG levels were found to increase in a group of postmenopausal women that had undergone physical training for a one-year period when compared with a sedentary group \[[@b27-medscimonit-24-9385]\]. These authors hypothesized that an exercise-induced OPG increment compensates for the loss of OPG due to reduced estrogen levels in postmenopausal women \[[@b27-medscimonit-24-9385]\]. However, in 2009, in a study by West et al., serum OPG levels were found to be higher in a group of premenopausal women with a sedentary lifestyle \[[@b28-medscimonit-24-9385]\].

Premenopausal women who have high serum levels of OPG are likely to have improved metabolic indices and their incidence of cardiovascular disease may be reduced. Previous studies have shown that obesity, which is a component of metabolic syndrome, is associated with increased levels of circulating inflammatory mediators \[[@b10-medscimonit-24-9385],[@b29-medscimonit-24-9385]\]. The findings of the present study have shown that the increase in serum OPG levels in response to an eight-week resistance exercise program in middle-aged women with metabolic syndrome showed significant protective effects, which are supported by the findings from previously published studies \[[@b30-medscimonit-24-9385],[@b31-medscimonit-24-9385]\]. Resistance exercise in this study may have contributed to the increase in serum OPG levels as an index of reduced inflammation.

In this study, before undertaking an eight-week exercise program, middle-aged women with metabolic syndrome showed higher baseline levels of OPG. Therefore, as shown by previous studies, exercise can have a significant effect on serum levels of OPG, which may be explained by the fact that serum OPG levels increase under conditions of bone loss, including osteoporosis \[[@b32-medscimonit-24-9385],[@b33-medscimonit-24-9385]\]. Osteoporosis and arteriosclerosis are major health issues, especially in postmenopausal women \[[@b34-medscimonit-24-9385]\]. Postmenopausal women with osteoporosis report an increased mortality rate from cardiovascular disease that correlates with osteoporosis, independent of age and other risk factors for cardiovascular disease \[[@b35-medscimonit-24-9385]\].

The resistance exercises used in this study are believed to have resulted in increased regional decomposition through increased energy consumption. It is assumed that the positive effects that were observed in the decrease in fasting blood glucose with increased serum OPG levels, and the improvement in insulin resistance were due to the effects on resistance exercise on bone. The clinical implications of these study findings should be qualified by the caveat that the progress of a resistance training program depends on the development of a proper and specific training goal.

The findings of the present study have shown that in middle-aged women with metabolic syndrome, circulating or serum levels of OPG were correlated with waist circumference and the quantitative insulin-sensitivity check index (QUICKI), with the number of risk factors for metabolic syndrome having decreased from four to three. The results are consistent with the hypothesis that OPG is associated with some of the components of metabolic syndrome. Resistance exercise may have the beneficial effect of increasing the serum OPG levels of middle-aged women with metabolic syndrome, as well as improving insulin resistance.

Conclusions
===========

The aim of this study was to evaluate the effect of resistance exercise on serum osteoprotegerin (OPG) levels and insulin resistance in middle-aged women with metabolic syndrome compared with a control group without metabolic syndrome. Before the exercise program began, waist circumference and triglyceride (TG) levels were higher in the metabolic syndrome group compared with the normal control group, and HDL cholesterol was lower. After eight weeks of resistance exercise training, there was a difference between the waist circumference, the quantitative insulin-sensitivity check index (QUICKI), and OPG levels between the two groups. The use of resistance exercise training had the effect of increasing the serum OPG levels of the middle-aged woman with metabolic syndrome, as well as improving insulin resistance, and metabolic syndrome. In postmenopausal women, increased body fat is associated with reduced bone mineral density, and the prevalence of both osteoporosis and ischemic cardiovascular disease cardiovascular disease increases. The findings of the present study support the need for large-scale, multi-center, controlled studies to determine whether metabolic syndrome is a significant risk factor for postmenopausal osteoporosis and whether measurement of serum levels of OPG levels can be used as a clinical biomarker for metabolic syndrome or osteoporosis.
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###### 

Characteristics of the participants (N=24).

  Groups            Age (years)     Height (cm)     Weight (kg)    BMI (kg/m^2^)   %Body fat (%)
  ----------------- --------------- --------------- -------------- --------------- ---------------
  MetS (n=12)       47.24±2.20      155.43±4.17     60.05±6.73     24.44±1.31      35.66±2.38
  Non-MetS (n=12)   48.36±2.60      155.87±4.25     57.43±3.76     24.30±3.04      33.55±3.41
  t (p)             −1.160 (.259)   −1.193 (.246)   1.180 (.251)   .145 (.886)     1.755 (.093)

Mean ± standard deviation.

MetS -- metabolic syndrome (n=12); Non-MetS -- non-metabolic syndrome (n=12); BMI -- body mass index.

###### 

The changes in serum OPG levels and insulin resistance after 8 weeks of resistance exercise.

  Variables                         MetS           Non-MetS       t-Value[\#](#tfn5-medscimonit-24-9385){ref-type="table-fn"}   *p*-Value                                                            
  --------------------------------- -------------- -------------- ------------------------------------------------------------- ----------- -------------- -------------- -------- -------- -------- --------
  Waist circumference (cm)          87.63±6.01     85.70±5.51     5.796                                                         \<.001      83.13±2.97     82.70±2.35     1.265    .232     −3.137   .005
  Triglyceride (mg/dl)              184.50±25.41   157.00±17.75   7.482                                                         \<.001      157.50±23.90   142.42±17.61   3.946    .002     −1.915   .069
  HDL cholesterol (mg/dl)           46.42±6.30     48.58±4.85     −2.377                                                        .037        52.67±4.31     53.58±3.26     −1.733   .111     1.186    .248
  Systolic blood pressure (mmHg)    123.33±21.85   121.25±14.79   .861                                                          .408        122.08±10.33   120.83±6.69    .821     .429     −.291    .773
  Diastolic blood pressure (mmHg)   73.33±12.85    73.75±10.47    −.321                                                         .754        74.58±7.22     72.92±7.22     1.173    .266     1.082    .291
  Glucose (mmol/l)                  5.79±.59       5.35±.58       5.870                                                         \<.001      5.48±.55       5.03±.50       6.231    \<.001   .088     .930
  Insulin (μlU/ml)                  15.48±2.83     12.73±2.44     5.001                                                         \<.001      14.78±4.02     11.83±2.56     4.196    .001     .233     .818
  HOMA                              3.98±.78       3.01±.59       6.798                                                         \<.001      3.64±1.22      2.64±.63       5.050    \<.001   .127     .900
  QUICKI                            .52±.03        .55±.03        −7.395                                                        \<.001      .53±.04        .57±.03        −7.055   \<.001   .190     \<.001
  Serum OPG (pg/ml)                 72.17±15.66    81.01±20.36    −3.084                                                        .010        76.29±14.65    83.92±17.43    −2.312   .041     14.249   \<.001

Mean ±SD. MetS -- metabolic syndrome (n=12); Non-MetS -- non-metabolic syndrome (n=12); HOMA -- homeostasis model assessment of insulin resistance; QUICKI -- quantitative insulin sensitivity check index; OPG -- osteoprotegerin;

paired t-test;

independent t-test for change variation (Δ; after-before value).
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